INTRODUCTION
The activated partial thromboplastin time (APTT) is a central component of any screen for haemostatic patency. The test is used to detect the deficiency of intrinsic clotting factors (VIII, IX, XI, or XII), the presence of lupus anticoagulant and the monitoring of unfractionated heparin therapy, although this latter function is becoming less common in many countries as unfractionated heparin has to a large extent been replaced with low molecular weight heparin. Consequently, the major role of the APTT at many centres is now detection of clotting factor deficiencies either in the form of a preoperative clotting screen or in patients who present with a history of a haemorrhagic diathesis. However, APTT reagents show different sensitivities to deficiencies of factors VIII, IX, XI and XII; this is thought to be because of differences in the activator or phospholipids used in the reagent [1, 2] .
Using samples from patients with congenital clotting factor deficiencies, we have previously assessed the sensitivity of two widely used APTT reagents, Actin FS and Actin FSL (Siemens Healthcare Diagnostics, Marburg, Germany) [3] . Collection of clinical samples from patients with a single congenital coagulation factor deficiency (factors VIII, IX, XI or XII deficient) at appropriate levels of activity (i.e. 10-50%) taken into the sample tubes employed in a specific institute for a study of this type presents a logistical problem that would be beyond the capabilities of many general hospitals. Consequently, the Clinical and Laboratory Standards Institute (CLSI) Guideline [4] offers an alternative means of assessing APTT's sensitivity to clotting factor deficiencies, which claims to circumvent this logistical problem.
The Guideline [4] requires that APTTs are performed on factor-deficient plasmas (i.e. factors VIII, IX, XI and XII) to which normal control plasma is added to give a range of relative potencies (<1 to 100%) for factors VIII, IX, XI and XII. However, as the APTT is a global test, the resultant clotting times would be influenced by the levels of all clotting factors within the spiked deficient plasma, not just the level of the clotting factor that had been adjusted. To investigate the influence of the factor-deficient plasma and normal plasma used, we determined the sensitivity of Actin FS and Actin FSL using three sources of plasma. The quality of factor-deficient plasma was also assessed in a thrombin generation test [5] .
SAMPLES AND METHODS
Unless otherwise stated, all tests were performed on a Sysmex CS-5100 analyser (Sysmex UK Ltd, Milton Keynes, UK), and reagents were from Siemens Healthcare Diagnostics (Marburg, Germany). In addition to normal reference plasma and factor-deficient plasma from Siemens, lyophilized factor-deficient and reference plasmas were also obtained from Technoclone (Vienna, Austria). Frozen reference and factordeficient plasmas (Cryocheck TM ) were obtained from Precision BioLogic (Nova Scotia, Canada).
Normal reference ranges for the two APTT reagents, Actin FS and Actin FSL, were confirmed using plasma samples from 50 healthy normal individuals. APTT quality control imprecision studies, using Actin FS and Actin FSL, were performed using commercial lyophilized normal (Control Plasma N [CPN]) and pathologically low plasmas (Control Plasma P [CPP] and CiTrol 2). Ten replicates of each preparation were tested on each of 5 days.
Factor assays were performed using either Actin FS (for factors VIII, IX, XI and XII) or Innovin (for factors II, V, VII and X). Fibrinogen concentration was measured using the Clauss technique. Levels of the component clotting factors within the Siemens, Technoclone and Cryocheck TM factor-deficient plasmas were determined relative to the Siemens reference preparation (Standard Human Plasma [SHP]). Similarly, the levels of clotting factors within the Technoclone and Cryocheck TM Reference plasmas were assayed relative to the SHP. The factor assays were all performed with samples tested at multiple dilutions, which facilitated an assessment of linearity and parallelism of dose response and thus detect possible inhibitory activity or falsely high results caused by sample activation [6] .
The sensitivity of APTT reagents to coagulation factor deficiency was assessed using factor-deficient Thrombin generation test (TGT) studies were performed on the factors VIII-, IX-, XI-and XII-deficient plasma using the calibrated automated thrombogram (CAT) system as described by Hemker et al. [5] (Thrombinoscope BV, Maastricht, the Netherlands) in conjunction with the manufacturer's PPP-low reagents, which gives a reaction concentrations of 1 pM tissue factor (TF)/4 lM phospholipid (PL) (Thrombinoscope BV). The thrombin generation test (TGT) provides information relating to the dynamics of thrombin generation (TG), and the TG curve is described in terms of the lag time, the time to peak, peak thrombin and the area under the TG curve, known also as the endogenous thrombin potential (ETP).
RES ULTS
The normal reference ranges for APTTs performed using Actin FS and Actin FSL were confirmed by The highlighted coagulation factor levels are either equivocal or below the normal reference range.
testing the plasma from 50 healthy normal individuals. This process gave a mean AE two-standard deviation range of 21.8-29.2 s for Actin FS and 23.5-29.3 s for Actin FSL. The upper limits of these ranges were subsequently used to determine APTT factor sensitivity. Reproducibility of the APTT assessed using commercial lyophilized normal and pathologically low plasmas yielded similarly low levels of imprecision for both Actin FS and Actin FSL (Table 1) . Factor assays performed to assess the levels of the component clotting factors within the Siemens, Technoclone and Cryocheck TM factor-deficient plasmas confirmed normal activity (50-150 iu/dL) of each of the clotting factors present ( Table 2 ). Only one of the deficient plasmas was found to have an equivocal level of a relevant clotting factor (Technoclone factor VIII-deficient plasma, factor XI level 50 iu/dL) ( Table 2) .
Using the upper limit of the APTT reference ranges, the sensitivity of APTT reagents to a single coagulation factor deficiency was determined with factor-deficient plasma spiked with normal plasma to give samples of 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20% and 10% activity (an example of which is seen in Figure 1 ). Data from this study demonstrated that APTT's sensitivity to clotting factor deficiency was influenced by the source of deficient and normal reference plasma used (Table 3) . Thrombin generation studies revealed that the potential to generate thrombin was not solely related to the levels of clotting factors present in the deficient plasma ( Figure 2 ).
DISCU SSION
Central to the role of the APTT is an understanding of its ability to detect clotting factor deficiencies. As the APTT is a global clotting test, a normal APTT does not necessarily indicate that all clotting factors within the intrinsic coagulation pathway (factors VIII, IX, XI and XII) are normal. A deficiency of one intrinsic clotting factor can be masked by an elevated level of another. For example, FVIII elevated by an acute phase response can mask a mild or even moderate deficiency of factor IX or XI. For this reason, when defining the sensitivity of an APTT reagent to a singlefactor deficiency, it is essential to determine the quality of the samples used for this process by measuring all intrinsic clotting factors in the samples and the precision with which the instrumentation measures the APTT. Our imprecision data (Table 1 ) demonstrated highly reproducible APTTs at the three levels of quality control with both the Actin FS and Actin FSL reagents. Importantly, we also demonstrated that each of the factor-deficient plasmas used in the study was specifically deficient in a single clotting factor while the other component clotting factors were present at normal levels (50-150 iu/dL), as shown in Table 2 . Consequently, when the deficient plasmas were spiked with normal plasmas to yield a range of relative potencies, as suggested by the CSLI guideline [4] , it was interesting to observe the wide range of clotting factor activities that were associated with the APTT upper limit of the normal reference range using Actin FS and Actin FSL ( Table 3) .
As would be anticipated, when TGT studies were performed using a TF trigger, the FXII-deficient plasmas gave a normal thrombin generation (TG) curve while the FX-, FVII-, FV-and FII-deficient plasmas gave no TG under the test conditions described (data not shown). However, the FVIII-and FIX-deficient plasma TGT results were intriguing because those plasmas with the highest levels of component clotting factors (i.e. Cryocheck TM , frozen plasma) gave the lowest level of TG while the plasma with the lowest levels of clotting factors (i.e. Siemens, lyophilized plasma) gave the highest level of TG. This suggested that the potential to generate thrombin was not solely associated with the level of component clotting factors; it could be speculated that lyophilized deficient plasmas may contain a procoagulant material [7] that only exerts an effect in TGT or in a test system such as that described in the CSLI guideline [4] . This does not mean lyophilized plasmas are unsuitable for their intended use (i.e. one-stage clotting assays), as each of the deficient plasmas produced sensitive doseresponse curves in one-stage clotting assays. We conclude that determination of APTT factor sensitivity performed in accordance with CLSI Document H47-A2 [4] can give inconsistent and misleading results, and this approach should not be used in routine laboratory practice. Consequently, detection limits should either be determined by the reagent manufacturers for specific instrument/reagent systems or by individual laboratories using wellcharacterized samples from patients with inherited coagulation deficiencies. We would suggest testing a minimum of 20 deficient samples with potencies evenly distributed in the range 10-50% for each of the intrinsic coagulation factors (factors VIII, IX, XI and XII).
